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ABSTRACT 
The objective of the present study was to investigate ndocrine control of LH in 
postpubertal boars with large testes. Eight boars with the highest estimated paired testis 
weights from a line selected for large testes and nine boars from a line selected at random 
were used. Blood samples were collected over a 13-h period at weekly intervals for 4 wk. 
Samples were collected at 12-min intervals for 12 h before and 1 h after exogenous LHRH. 
Boars were bled when they were intact during the initial week. The second and third blood 
collections were 7 and 14 d after castration. The fourth bleeding occurred 7 d after 
exogenous 17[~-estradiol (E2) replacement. In intact boars, mean LH was similar between 
boars from the two groups, but amplitude of pulses of LH was lower in intact boars with 
large testes than in boars from the control line. Maximum concentration of LH after 
administration of LHRH was less in boars with large testes than in boars from the control 
group. Seven days after castration, characteristics of LH measured id not differ between 
males from the two groups. However, 14 d after castration, amplitude of pulses of LH and 
maximum concentrations of LH after LHRH were less in males from the group with large 
testes than in males from the control group. After E2 administration, amplitude of pulses of 
LH tended to be lower in males from the group with large testes than in males from the 
control group. Therefore, amplitude of pulses of LH and responsiveness of the anterior 
pituitary to LHRH are suppressed in porcine males with larger testes compared with males 
from a control group both before and after castration. 
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Introduction 
Relative to concentrations of LH in intact 
boars, concentrations of LH were elevated in 
prepubertal (Colenbrander et al., 1977) and 
adult (FlorCruz and Lapwood, 1978) porcine 
males within 2 to 4 wk after castration. Mean 
concentrations of LH also increased following 
castration of 14-wk-old boars (Kittok et al., 
1984b). Kittok et al. (1984a) reported that 
concentrations of LH were greater in boars (15 
wk of age) without an implant containing 17 
~-estradiol (E2) than in boars receiving E2. 
There were no differences in plasma concen- 
trations of LH in rams selected for either high 
or low weight of the testes (McNeilly et al., 
1986). Schinckel et al. (1984) reported that 
boars selected for large testes had higher 
concentrations of LH from 42 through 140 d of 
1334 
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age than boars selected for smaller testes. A 
positive genetic relationship between size of 
testes in males and ovulation rate in daughters 
has been found in mice (Land, 1973; Mafizul 
Islam et al., 1976; Joakimsen and Baker, 
1977), sheep (Can" and Land, 1975; Hanrahan 
and Quirke, 1977) and swine (Schinckel et al., 
1984). This relationship exists because the 
same gonadotropins that control development 
of testes in males have parallel roles in 
controlling ovarian function in females (Land, 
1973). Because increased size of testes may 
alter endocrine function, the objective of the 
present study was to determine whether post- 
pubertal boars with large testes had an 
endocrine control of LH different from that of 
boars with smaller testes. 
Materials and Methods 
Seventeen sexually mature (14 to 15 mo of 
age) large White x Landrace boars were used 
in the study. Eight boars were from a line 
selected for larger testes at 150 d of age as 
described by Schnickel et al. (1984); nine 
boars were from a control line in which no 
selection pressure for size of the testes had 
been applied. The eight boars from the 
selection line represented the second genera- 
tion of selection for larger testes of an ongoing 
selection experiment at the University of 
Nebraska. The eight boars used of the study 
were the sires for the next generation of the 
selection line and therefore were the boars with 
the largest testes in that generation. 
Boars were weighed, tethered in stalls 
assigned randomly and fitted with indwelling 
jugular catheters via ear vein cannulation 
techniques as described by Kelly (1986). All 
boars were adapted to tethering and manipula- 
tions required during blood collection during 
the 2 wk preceding the experiment. Boars were 
maintained in an environmentally controlled 
room at a constant temperature and exposed to 
continuous lighting. All boars were fed 1.8 kg 
of a diet containing corn and soybean meal 
(14% protein) each day and had access to 
water ad libitum. 
Blood samples were collected over a 13-h 
period at weekly intervals for 4 wk. At each 
period, blood was collected at 12-min intervals 
for 12 h, after which an exogenous dose of 
6Elanco Products Co., Indianapolis, IN. 
LHRH was administered i.v. (188 ng/kg BW) 
and blood samples were collected for an 
additional hour. Blood samples were collected 
from intact boars during the initial period of 
blood collection. After this period of blood 
collection, all boars were anesthetized with 
sodium thiamylal and castrated. Excised tis- 
sues were wrapped in plastic until weights 
were determined (30 to 40 min later). Trimmed 
paired testes and epididymal weights were 
recorded for each animal. The second and third 
periods of blood collection were 7 and 14 d 
after castration. At the conclusion of the third 
period of blood collection, implants containing 
E2, Compudose 6, were administered subcutane- 
ously at the ventral midline to each animal 
(.528 mg E2/kg BW). Thus, the fourth period 
of blood collection was 7 d after implantation 
of E 2. 
Radioimmunoassays. Each blood sample 
(5.0 ml) was mixed with 60 Ixl of 15% EDTA 
dipotassium salt. Samples then were stored at 
4"C (6 to 12 h) until eentrifugation at 3,500 x 
g for 30 min. The plasma fraction was 
decanted and stored at -20"C. All plasma 
samples were analyzed for concentrations of
LH; pooled samples (within boar) from each 
day of blood collection were used to quantify 
concentrations of E 2 and testosterone. Samples 
collected subsequent o administration of 
LHRH were not included in the pools. 
Concentrations of LH were determined in 
duplicate 300-ktl aliquots of plasma by a 
double antibody radioimmunoassay described 
by Niswender et al. (1970). Purified LH (LER- 
786-3) was used as a standard and for 
iodination, and anti-porcine LH (no. 566) was 
utilized as the first antibody. Recovery of 
added mass (78, 156 and 312.5 pg of porcine 
LH, LER-786-3) from each of four plasma 
samples averaged 115.8 + 3.5%. Assay deter- 
minations of 200, 250 and 300 ~tl of plasma 
from each of 10 independent samples were 
highly correlated (200 and 250 lal, r = .989; 
200 and 300 lal, r = .935; and 250 and 300 Ixl, 
r = .937). Intra- and inter-assay coefficients of 
variation were 2.7% and 11.9%, respectively. 
Assay sensitivity was 49 pg/ml plasma. 
Plasma concentrations of E 2 were deter- 
mined using methods described by D'Occhio 
et al. (1982) and validated in our laboratory 
(Kittok et al., 1984b). Intra- and inter-assay 
coefficients of variation were 2.7% and 10.3%, 
respectively, Assay sensitivity was 1.4 pg/ml 
plasma. 
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TABLE 1. BODY WEIGHT, EXCISED TESTES WEIGHTS AND EXCISED EPIDIDYMIDES WEIGHTS 
IN BOARS WITH LARGER TESTES AND BOARS FROM A CONTROL GROUP" 
Excised paired Excised paired 
BW, kg testis wt, g epididymides wt, g 
Large testes 183 868 b 216 
Control 182 689 ~ 191 
SE 6 24 14 
'Boars were castrated and testes weights were determined when boars were 14 to 15 mo of age. 
b'CMeans with unlike superscripts in same column differ (P < .05). 
Plasma concentrations of testosterone were 
determined using methods similar to those 
described by Kiser et al. (1978). Procedural 
loss was assessed by recovery of labeled 
testosterone and assay determinations were 
corrected for that loss. Recovery of added 
mass (31.3, 62.5 and 125 pg testosterone) from 
5 p.1 of plasma from each of six independent 
samples averaged 109.1 + 4.1%. Assay deter- 
minations of 5, 5.5 and 6 p.l of sample from 
each of 12 independent samples were highly 
correlated (5 and 5.5 gl, r = .994; 5 and 6 gl, r 
= .997; and 5.5 and 6 gl, r = .996). lntra- and 
inter-assay coefficients of variation were 2.7% 
and 7.7%, respectively. Assay sensitivity was 
49.4 pg]ml plasma. 
Data Analyses. Characteristics of LH evalu- 
ated were mean concentration of LH in 
plasma, frequency of pulses of LH, amplitude 
of pulses of LH, concentrations of LH in 
circulation subsequent o administration of 
exogenous LHRH and minutes from time of 
administration of LItRH to time that maximum 
concentrations of LH were detected. Mean 
plasma concentration of LH for an individual 
was the average concentration detected in the 
60 samples collected during a period of blood 
collection. Frequency of pulses of LH was 
expressed as number of pulses detected per 
hour during each of four 12-h collection 
periods; amplitude of pulses of LH was 
expressed as the average amplitude of all 
pulses detected uring any given 12-h period 
of blood collection. Pulses of LH were 
identified and amplitudes of pulses in LH were 
calculated using methods described by Good- 
man and Karsch (1980). 
Statistical Analyses, Data in this experiment 
were analyzed initially to determine whether 
the variance-covariance matri~ for the four 
treatments was heterogeneous (Gill and Hafs, 
1971). If heterogeneity was found in the 
variance-covariance matrix, the data were 
transformed (logarithmic) and retested. After 
the variance-covariance matrix was determined 
to be homogenous (original or transformed 
data), the data were analyzed according to the 
procedures of Gill (1986) for experiments with 
repeated measures. Determinations of mean 
concentrations of Ltt from samples before and 
after administration of LHRH were analyzed 
separately. In each case, data for mean LH 
concentrations were fitted to a model that 
included effects of group (large testes or 
control), boars within groups, treatment (intact, 
7 d post-castration, 14 d post-castration, and 
implanted with E2) and group x treatment. 
Measures of E2, testosterone, data for fre- 
quency and amplitude of pulses of LH and 
measures of LH in response to LHRH also 
were fitted to a model that included effects of 
group, treatment and group x treatment. Least 
squares means were calculated for each charac- 
teristic in males with the large testes and males 
from control groups. Comparisons of treatment 
means were made using orthogonal contrasts 
and Student's t-test (Harvey, 1979), and SE of 
these contrasts were calculated as described by 
Gill (1986). 
Results 
Boars from both groups had similar BW. 
Boars from the group selected for larger testes 
at 150 d of age had heavier (P < .05) testis 
weights when castrated at 14 mo of age (Table 
1). Epididymal weights were not significantly 
different between boars within the two groups. 
In intact boars, mean concentrations of LH 
were similar between boars with the larger 
testes and boars from the control group (Figure 
1). Seven days after castration, mean concen- 
trations of LH in castrates of both groups were 
greater (P < .05) than concentrations of LH in 
the plasma collected 1 wk earlier when the 
boars were intact. O ,  7 and 14 d after 
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Figure 1. Mean concentrations of LH in blood plasma of 
intact porcine males with large testes and males from a 
control group. Concentrations of LH in these males 7 (Cast 
1) and 14 d (Cast 2) following castration and 7 d subsequent 
to implantation with E 2 (21 d postcastration; E 2Imp) also are 
shown. None of the differences between boars in the two 
groups were significant (P > .10). 
castration, mean concentrations of LH were 
similar between animals of both groups. 
In intact boars, amplitude of pulses of LH 
was lower (P < .05) in boars with larger testes 
than in boars from the control group (Figure 
2). Seven days following castration, amplitude 
of pulses of LH was not significantly different 
between males in the two groups, but 14 d 
after castration, amplitude of pulses of LH 
tended to be lower (P < .10) in males from the 
group with larger testes prior to castration. 
Following E2 replacement, amplitude of pulses 
of LH also tended (P < .10) to be lower in 
males that had larger testes before castration 
than in males from the control group. Castra- 
tion increased (P < .01) amplitude of pulses of 
LH. Implantation with E 2 returned amplitude 
of pulses of LH to values that were not 
different (P > .10) from those detected in intact 
males. 
Frequency of pulses at each period of blood 
collection was not significantly different be- 
tween males of the two groups (Figure 3). 
Castration increased (P < .01) frequency of 
pulses of LH. Implantation with E 2 resulted in 
a return of frequency of pulses to a frequency 
[]CONTROL GROUP 
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Figure 2. Amplitude of pulses of LH (nghnl blood 
plasma) in intact porcine males with large testes and males 
from a control group. Amplitude of pulses of LH in these 
males 7 (Cast 1) and 14 d (Cast 2) following castration and 7 
d subsequent to implantation with E 2 (21 d postcastration; E 2
Imp) also are shown. Values within treatment period with 
two stars or one star differ (P < .05; P < .10, respectively). 
similar to that detected in intact males (P > 
.10). 
Testosterone in pooled samples was not 
significantly different in intact boars of both 
groups (6.9 and 5.9 ng/ml plasma in boars with 
larger testes and control boars, respectively). 
Estradiol in plasma was not significantly 
different between boars of the two groups (169 
and 119 pg/ml of plasma in boars with larger 
testes and control boars, respectively). After 
replacement of E2, concentrations of E2 in 
plasma were similar for males in both groups 
(92 pg/ml plasma in males with larger testes 
before castration compared with 114 pg/ml in 
males of control group). 
Maximum concentrations of LH after ad- 
ministration of LHRH were lower (P < .05) in 
boars with larger testes than in intact boars 
from the control group (Figure 4). Maximum 
release of LH after exogenous LHRH was not 
different between males of the two groups 7 d 
after castration. However, 2 wk after castra- 
tion, maximum release of LH in response to 
LHRH was lower (P < .05) in males from the 
group that had larger testes before the time of 
castration. Following E 2 replacement, response 
to LHRH was not significantly different for 
males in the two groups. 
Duration of time between administration of 
LHRH and subsequent peak concentrations of
LH was similar in males of both groups during 
every blood collection period except at 7 d 
after castration. At this time, males from the 
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Figure 3. Frequency of pulses of LH in intact porcine 
males with large testes and males from a control group. 
Frequency ofpulses of LH in these males 7(Cast 1) and 14 d 
(Cast 2) following castration and 7 d subsequent to 
implantation with E 2 (21 d postcastration; F~ Imp) also are 
shown. None of the differences between boars in the two 
groups were significant (P > .10). 
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Figure 4. Maximum concentration f LH after adminis- 
tration of LHRH in porcine males with large testes and malcs 
from a control group. Maximum concentrations of LH after 
LHRH in these males 7 (Cast 1) and 14 (Cast 2) d after 
castration and 7 d subsequent to implantation with E 2 (21 d 
postcastration; E 2 Imp) also are shown. Values with two stars 
within treatment period differ (P < .05). 
group that had larger testes before castration 
took longer to reach their maximum concentra- 
tion of LH after administration of LHRH than 
males to the control group (22.5 vs 13.3 min; 
P < .05). 
Discussion 
The observed ifference in size of the testes 
between boars of the two groups in the present 
study was independent of BW because BW 
were not different between boars of the two 
groups. As expected, castration resulted in 
greater mean concentrations of LH and an 
increase in frequency and amplitude of pulses 
of LH when boars of both groups were 
combined. Thus, control of secretion of LH in 
adult boars is modulated by negative feedback 
of testicular steroids, as observed in prepuber- 
tal boars by Kittok et al. (1984b). In the 
present study, implantation with E2 returned 
characteristics of secretion of LH to 
precastration values. Thus, E2 apparently is a 
major factor in modulation of secretion of LH 
in the mature boar. This is in agreement with 
the results reported by Kittok et al. (1984a) for 
prepubertal boars. 
The most interesting finding in the present 
study was the decreased amplitude of pulses of 
LH in boars from the group with larger testes. 
This could not be attributed to differences in 
gonadal steroid feedback because differences 
in amplitude of pulses between males within 
the two groups also were detected subsequent 
to castration. Similar differences in amplitude 
of pulses of LH were detected when exogenous 
E2 was administered. This decreased amplitude 
of pulses in LH could result from decreased 
responsiveness of the pituitary to Lt lRIt  
and(or) from decreased amplitude of pulses of 
LHRH released from the hypothalamus. We 
detected a decreased responsiveness of the 
pituitary gland with regard to maximum 
concentration of LH released after exogenous 
LHRH administration. Therefore, the most 
likely reason for decreased amplitude of pulses 
in LH in boars with larger testes is a decreased 
responsiveness of the anterior pituitary gland 
to LItRH. Why this would occur in boars with 
larger testes cannot be explained at present. 
We would have expected an increased respon- 
siveness of the pituitary gland to LHRH in 
animals with the larger testes if a difference in 
this characteristic were to exist between boars 
of the two groups. Therefore, this finding was 
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unexpected and does not help us explain the 
endocrine factors involved in variation of 
gonadal size between boars. 
In intact and castrated males, plasma 
concentrations of LH and frequency of pulses 
of LH were not different. These results are not 
consistent with the results of Schinckel et al. 
(1984) in that prepubertal boars selected for 
larger testes had higher concentrations of LH 
than boars selected for smaller testes. One 
explanation for the inconsistent results may be 
that no selection pressure was applied to boars 
of the control group in the present study, 
whereas the prepubertal boars in one group in 
the previous study were selected for smaller 
testes. Therefore, reductions in concentrations 
of LH may have resulted from selection for 
smaller testes. However, the most likely reason 
for the inconsistent results between the two 
studies relates to differences in stage of sexual 
maturation and the influence of maturation on 
secretion of LH. 
Concentrations of testosterone and E2 were 
similar between the intact boars of the two 
groups. This finding is not in agreement with 
data from prepubertal boars selected for larger 
testes that indicated that prepubertal boars 
consistently had greater concentrations of E2 
than their contemporaries selected for smaller 
testes (Schinckel et al., 1984). Reasons for the 
differences in the data from the two studies 
may be related to age. Selection for larger 
testes may change endocrine function so that 
the hypothalamo-pituitary xis of males in the 
selection group is less sensitive to suppressive 
effects of gonadal steroids (Schinckel et al., 
1984). In contrast, McNeilly et al. (1986) 
hypothesized that the hypothalamo-pituitary 
axis of ram lambs selected tor larger testes 
may be more sensitive to higher concentrations 
of gonadal steroids at an earlier age than lambs 
selected for smaller testes. 
Boars with larger testes and boars with 
smaller testes may not have major differences 
in control of secretion of LH at the hypothal- 
amo-pituitary axis. Instead, perhaps response 
of the testes to stimulation by LH is different 
between boars with larger testes and boars 
with smaller testes. Intact boars with larger 
testes had concentrations of LH similar to 
those of boars of the control group in the 
present study. Perhaps the testes of the boars 
with larger testes respond to LH by producing 
greater concentrations of testosterone than 
those of boars of the control group. We would 
have expected to detect differing concentra- 
tions of testosterone between the boars of the 
two groups if sensitivity of the testes to LH 
differed between boars from the two lines. 
Evaluation of testosterone after administration 
of a gonadotropin might change our interpreta- 
tion of the results of the present study. Thus, a 
dose-response tudy is needed in which boars 
differing in testes size are given varying doses 
of LH and testicular production of steroids is 
measured. 
In summary, boars with larger testes appear 
to have minor differences in secretion of LH 
from the anterior pituitary gland compared 
with boars from the control group. This was 
demonstrated bydecreased amplitude of pulses 
of LH and suppressed response to administra- 
tion of exogenous LHRH in the boars with 
larger testes. 
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